Abstract Less invasiveness is the way forward for spinal surgery. Minimal disruption of tissue, preservation of muscle function, and restoration of normal spinal alignment are still the goals of most surgical procedures. An anterior lumbar fusion technique using a less invasive procedure with the addition of translaminar screws is described. The autograft is harvested from the vertebral body, thus avoiding the morbidity associated with an iliac crest bone graft. The operative steps for the procedure are described.
Introduction
Safe and cost-effective procedures which result in minimal disruption of tissue and attempt to restore the normal biomechanics and physiological characteristics of the spine, and which are not associated with short-or longterm adverse effects, should be considered in patients who are appropriate candidates for operative intervention [9] . If normal biomechanics cannot be restored, then removal of a pain source and stabilization of the segment with fusion becomes a major goal. The technique must be safe, cause minimal soft tissue damage, and guarantee a high fusion rate. Less invasive surgery allows these goals to be achieved with minimal soft tissue trauma, blood loss, and pain, and allows early discharge from the hospital.
The rationale of using a combined anterior and posterior approach is to achieve a high fusion rate as well as the removal of the disc as a potential pain source. The new technique of removal of the bone graft from the vertebral body has revolutionized the anterior technique in that it avoids the necessity of harvesting an iliac bone graft and associated morbidity.
Historical review
The use of facet screws was reported by King in 1948 [15] , who immobilized the lumbosacral facet joint using a short screw which traversed the joint. The fusion rate reported with this procedure was 91%. Other authors using this procedure had a higher failure rate, and Bosworth in 1957 stated that this screw fixation did not prove to be of value compared to the difficulties encountered [29] . Boucher [2] tried to improve the bony purchase by penetrating the ipsilateral pedicle with the tip of the screw. The fusion rate increased to 100% for a single level. However, this improvement carried the potential risk of nerve root injury as the screw tip was very close to the nerve root foramen [2] . Magerl [19] in 1984 introduced the further modification of inserting the screw from the contralateral side, through the lamina, making the procedure much safer. The bony purchase was increased by the passage of the screw through the lamina and by making the screw perpendicular to the facet joint. The insertion of the screw is posterior to the neural tissue and parallel to the nerve root.
Hodgson and Wong [11] were among the first to use combined anterior and posterior procedure in lumbar fusion operations. Originally, cortico-cancellous autograft from the iliac crest was used to replace the disc [22] . Combined anterior and posterior procedures achieve more stability than either of the two procedures performed separately [23] . The use of translaminar screws allows good biomechanical stabilization of the segment with minimal soft tissue injury. The fusion rates for isolated posterior fixation vary from 82% [7] to over 94% [12, 24, 28] . The fusion rates for the combined procedure are up to 95% [14, 17] although lower fusion rates have also been reported [4, 6] . The patient satisfaction rate in all the studies was much lower than the fusion rate. Discrepancies between fusion rates and clinical success rates are well known [25] .
Postoperative morbidity, pseudarthrosis, and donor site morbidity led to the development of carbon fibre and titanium cages supplemented with cancellous bone to reduce the amount of bone graft required [26] . In 1992 O'Brien and Holte first reported the use of cancellous bone filled in a femoral ring allograft [22] . The use of a cortical ring provides immediate mechanical stability. The problem associated with this was donor site morbidity [1, 22, 27] and limitation of graft if more levels were being operated upon.
Surgical technique of 360°lumbar fusion
Translaminar screws ( Fig. 1) The anaesthetized patient is placed prone on the Montreal mattress or on rolls. The spinous process of the cranial level to be fused is localized using fluoroscopy. A midline skin incision of 2-3 cm is made over this spinous process and extended caudally over the interspinous space. A subfascial dissection is performed with the aid of a Cobb elevator to elevate tissue from the spinous process, lamina and facet joint. A blunt Hohmann retractor is then hooked over the facet joint to allow visualization of the lamina and the facet joint. A similar procedure is performed on the opposite side. Through a separate percutaneous stab incision, a 3.2-mm drill is used to create a hole from the base of the spinous process, into the contralateral lamina between the two tables, across the facet joint and into the base of the transverse process. The drill should be seen below the surface of lamina; this ensures that it does not penetrate the spinal canal. It is essential to use an oscillating drill in order to keep soft tissue damage to the minimum. A 4.5-mm titanium cortical screw of approximately 46-to 50-mm length is then inserted. The length of the screw can be calculated from the radiograph. The second screw is usually inserted caudal to the first one, in a similar fashion. Screw placement must be properly planned, especially in cases where there has been prior partial laminotomy, where the width of the lamina is reduced. A translaminar screw set will guide the drill and a tap is available (Stratec Medical). The facet joint can be partially disrupted with a gouge to allow fusion.
It must be noted that the screw should not be inserted in compression mode or over-tightened, due to a theoretical risk of lamina fracture. The incision made for a onelevel translaminar screw is less than 4 cm in addition to the stab incisions.
Anterior lumbar interbody fusion using hybrid allograft ( Fig. 2) Next, the anaesthetized patient is turned over and positioned supine. The knees and hips are slightly flexed to relax the psoas muscles and the anterior abdominal wall. A left paramedian abdominal incision approximately 4-5 cm long is made just inferior to the umbilicus. A transverse incision is cosmetically more attractive, especially if only one level is being fused. The incision is centred over the vertebral level to be exposed with the help of an image intensifier. The anterior rectus sheath is opened and the rectus muscle is gently dissected laterally away from the posterior sheath. The transversalis fascial space is then entered below the arcuate linea. Using a retroperitoneal approach, the abdominal contents are gently reflected towards the midline then, using a soft pledget, the contents and presacral nerves are reflected across the iliac vessels. For level L5-S1 the medial sacral vessels are ligated and the disc is approached between the vessels. For L4-L5 the disc is approached by reflecting the vessels to the right of the patient; in order to give full access to the L4-L5 disc the iliolumbar vein may need to be ligated. A radiograph is taken to confirm the level. The Synframe (SYNTHES) allows retraction of the abdominal contents through a small incision and is held in place by a ring attached to the operating table. Total discectomy is then carried out; the end-plates of the vertebrae are cleared of the cartilage until a firm bleeding surface is reached. A hybrid allograft or Syncage (Synthes) which is approximately sized is packed with autograft and then inserted. A femoral allograft needs to be stabilized with a buttress screw and a washer.
Harvesting bone graft from the vertebral body (Fig. 3) After the exposure of the disc space and the adjoining vertebrae, the bone graft is harvested from either of the adjacent vertebrae. A guide pin is inserted into the centre of the vertebra and a radiograph is taken to confirm its position: it must be equidistant from the end-plates. A sleeve is then slid over the guide pin. A hollow diamond cutting burr of appropriate size is mounted on a power reamer and placed over the sleeve. The dowel-shaped graft is removed with an extractor and the defect is then filled with a hydroxyapatite plug 2 mm larger in diameter than the defect.
Discussion
The success of the "hybrid allograft" or cage depends upon bone growth across the allograft/cage to allow solid fusion. It is acknowledged that excessive movement at the bone-implant interface will lead to fibrous tissue formation [18] , and reduction of movement will theoretically increase the fusion rate. It has been shown that cage implantation increases segmental stability in all directions except extension and axial rotation [18, 23] . Biomechanical data on translaminar and transfacet screw fixation suggest that it increases the flexion stiffness and to a lesser extent the extension stiffness [8] . Heggeness and Esses pointed out in their study that the functional spinal unit stiffness increased 2.4-fold in flexion-compression loading with translaminar screws [10] . Extension and axial ro- tation loading motion is reduced by supplementary translaminar screws rather than by cage instrumentation alone [23] . It can be concluded that anterior hybrid graft with supplementary translaminar screw fixation reduces the movement of motion segment in all directions. Bone density has been shown to be significantly related to the stability of the anterior/posterior construct [13, 18] . Low bone mineral density may predispose to early postoperative sinkage of the anterior implant and loss of the corrected lordosis. Collapse of the vertebral body as a consequence of removing the bone graft dowel is also a concern. It was shown in a elegant study that if hydroxyapatite of the same size and shape is used to reconstruct the bone defect so created, the physical properties of the vertebral body are not significantly altered [5] . The long-term biological effects of this procedure are yet to be evaluated, but follow-up of patients up to 18 months has shown no debilitating effect to the disc or to the end plate.
The principles of treating degenerative disc disease have gradually evolved, with significant changes in implants and instrumentation. The surgical approaches, sequence of the operation (posterior followed by anterior), patient selection, instrumentation and types of bone graft used have been developed to achieve a high rate of fusion and patient satisfaction. In recent years the combination of femoral ring allograft with autologous cancellous bone graft has demonstrated the advantage of sound structural support, with excellent fusion rates as the autograft is under compression. Normally posterior procedure needs to be done first to harvest bone graft from the iliac crest, to be used later in the anterior procedure. We have developed a technique of harvesting bone graft from the vertebral body. This technique has a major effect on the postoperative morbidity as well as resulting in a shorter hospital stay.
Computer-assisted orthopaedic surgery is being developed for its application for pedicle [16, 20, 21] or translaminar screws [3] . Pedicle screws now have been put in with the help of real-time intraoperative image guidance (H. Schlenzka, personal communication).
Computer-assisted surgery has been shown to be safe for pedicular screw placement. The pilot study on 30 patients revealed a 95.7% accurate placement of screws as against 85.7% by freehand technique [16] . The present problem with computer-assisted surgery is the radiation exposure necessary to procure preoperative CT scans [20] . Improvements in the acquisition of calibrated radiographic or ultrasound images and the ability to register the preoperative images with the images at the time of surgery will make it possible to insert implants percutaneously [20] . This will reduce surgical time and make the procedure less invasive. The development of a real-time image guiding system using intraoperative screening is known to reduce both radiation exposure and operative time (H. Schlenzka, personal communication). This should reduce the length of the incision and tissue dissection required for adequate exposure. Translaminar screws can be introduced percutaneously using computer-assisted surgery [3] .
The ideal computer-assisted system would be the one that will not interfere with or require only slight modifications of standard surgical procedures and instrumentation. It should allow keep the surgeon to apply his surgical skills, provide sufficient accuracy, and be fast enough to allow real time instrument control and visualization.
